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S E C T I O N  1 
I N T R O D U C T I O N  
I n d i v i d u a l l y  and i n  c o m b i n a t i o n  w i t h  many o t h e r  materials 
wood h a s  b e e n  u t i l i z e d  i n  many forms a s  a v i a b l e  e n g i n e e r i n g  
material f o r  many c e n t u r i e s .  One of  t h e  l a t e s t  d e v e l o p m e n t s  i n  
wood t e c h n o l o g y  h a s  b e e n  t h e  h i g h  p e r f o r m a n c e  l a m i n a t e d  D o u g l a s  
F i r / W e s t  S y s t e m  e p o x y  c o m p o s i t e  mater ia l  d e v e l o p e d  by Gougeon 
B r o t h e r s ,  I n c . ,  Bay C i t y ,  Mich igan .  T h i s  mater ia l  s y s t e m  u t i l -  
i z e s  0.10 i n c h  n o m i n a l  t h i c k n e s s  D o u g l a s  F i r  v e n e e r s  l a m i n a t e d  
a n d  sealed w i t h  t h e  two-part West Sys t em@ e p o x y .  One o f  t h e  
a d v a n t a g e s  o f  t h i s  s y s t e m  is t h a t  e p o x y  s e r v e s  t o  b u f f e r  t h e  
m o i s t u r e  c o n t e n t  o f  t h e  wood ( t o  m a i n t a i n  o p t i m a l  l e v e l s )  o v e r  
t h e  s h o r t  term. T h e  material  u n d e r  c o n s i d e r a t i o n  i n  t h i s  e f f o r t  
had  a u n i d i r e c t i o n a l  f i b e r  o r i e n t a t i o n  a n d  w a s  selected a s  a 
p r i m a r y  material  f o r  t h e  a i r f o i l s  i n  t h e  NASA/DOE MOD 5 A  7MW 
!.:in2 ~ u r b i n e  ~ e n e r a t n r ;  Being a r e l a t i v e l y  new material  a 
l i m i t e d  amoun t  o f  material  p r o p e r t y  da t a  is a v a i l a b l e  t o  d e s i g n  
e n g i n e e r s .  I t  w a s  t h e  i n t e n t  of t h e  c u r r e n t  e f f o r t  t o  d e v e l o p  
s p e c i m e n s  and p r o c e d u r e s  s u i t e d  t o  t h i s  material  t o  g e n e r a t e  
p e r t i n e n t  m o n o t o n i c  a n d  c y c l i c  data ( T a s k  I ) .  T a s k  (11) w a s  t h e  
g e n e r a t i o n  of t h e  b a s e l i n e  da t a  a t  t w o  e n v i r o n m e n t a l  c o n d i t i o n s  
u t i l i z i n g  t h e  s p e c i m e n s ,  g r i p i n g  s y s t e m ,  a n d  p r o c e d u r e s  
d e v e l o p e d  i n  T a s k  I .  
T h e  t y p e s  of m e c h a n i c a l  l o a d i n g s  t o  b e  c o n s i d e r e d  was 
l i m i t e d  t o  m o n o t o n i c  t e n s i o n ,  m o n o t o n i c  c o m p r e s s i o n ,  m o n o t o n i c  
s h e a r ,  t e n s i o n / t e n s i o n  f a t i g u e  and t e n s i o n / c o m p r e s s i o n  f a t i g u e .  
S i n c e  a l l  l a r g e  s t r u c t u r e s  f a b r i c a t e d  f r o m  t h i s  mater ia l  m u s t  
i n c o r p o r a t e  j o i n t s  o r  f a s t e n e r s  t h e  t e s t  m a t r i x  i n c l u d e d  
s p e c i m e n s  w i t h  j o i n t s  ( 1 2 / 1  s c a r f ) .  Many of t h e  i n v e s t i g a t i o n s  
c o m p l e t e d  t o  d a t e  i n v o l v i n g  t h i s  material h a v e  i n c o r p o r a t e d  
l a r g e  volume s t r u c t u r a l  t y p e  test specimens w h i c h  were v e r y  
c o s t l y  t o  f ab r i ca t e  a n d  t e s t .  T h i s  e f f o r t  w a s  somewha t  u n i q u e  
i n  t h a t  r e l a t i v e l y  small volume coupon t y p e  t es t  s p e c i m e n s  were 
u t i l i z e d  t o  g e n e r a t e  b a s e l i n e  m e c h a n i c a l  p r o p e r t y  data  t o  
1 
s u p p l e m e n t  t h e  large scale s t r u c t u r a l  work and t o  p r o v i d e  alter-  
n a t e  e c o n o m i c a l  methods  for e v a l u a t i n g  material b e h a v i o r  for 
many a p p l i c a t i o n s .  W i t h i n  t h i s  e f f o r t  a c u r s o r y  i n v e s t i g a t i o n  
o n  t h e  e f f ec t  of test s p e c i m e n  test s e c t i o n  volume was under-  
I t a k e n  for t h e  monoton ic  t e n s i o n  spec imen .  
I 
2 
S E C T I O N  2 
T A S K  I - DEVELOPMENT OF S P E C I M E N  D E S I G N S  
T h e  T a s k  I s e c t i o n  of t h e  p rogram i n c l u d e d  t h e  e v o l u t i o n  
o f  t h e  v a r i o u s  t e s t  s p e c i m e n  d e s i g n s  a l o n g  w i t h  t h e  c o m p a n i o n  
g r i p p i n g  s y s t e m s  a n d  t h e  d e v e l o p m e n t  o f  s u i t a b l e  t e s t  proce- 
d u r e s .  A l l  o f  t h e  t e s t s  i n  b o t h  Task  I a n d  T a s k  I1 w e r e  
completed u t i l i z i n g  t h e  MTS s e r v o h y d r a u l i c  closed-loop t e s t  
s y s t e m s  located i n  t h e  U n i v e r s i t y ' s  S t r u c t u r a l  T e s t  L a b o r a t o r y  
( S T L ) .  T h e  STL h a s  n i n e  t e s t  systems r a n g i n g  i n  c a p a c i t y  f r o m  
3,300 p o u n d s  t o  2 2 0 , 0 0 0  p o u n d s .  Most o f  t h e  t e s t i n g  f o r  t h i s  
e f f o r t  w a s  c o n d u c t e d  i n  o n l y  t w o  of t h e s e  t es t  s y s t e m s  w h i c h  
were r a t e d  a t  10,000 p o u n d s .  T h e  l a b o r a t o r y  m a i n t a i n s  t h r e e  
s h i f t s  o f  f u l l  t i m e  t e c h n i c i a n s  s o  l o n g  term tests c a n  be care- 
f u l l y  m o n i t o r e d  a n d  t h e  m a c h i n e s  a r e  more f u l l y  u t i l i z e d .  The  
l a b o r a t o r y  a m b i e n t  e n v i r o n m e n t  is m a i n t a i n e d  a t  7 2 "  + 3 ° F  a n d  50 
- + 5% R H .  The  t e s t  s p e c i m e n s  f o r  a l l  t e s t s  t o  be cor~diiiicted at 
t h e  a m b i e n t  c o n d i t i o n  were s t a b i l i z e d  i n  t h e  l a b o r a t o r y  f o r  a 
minimum o f  1 4  d a y s .  The t e s t s  c o n d u c t e d  a t  e l e v a t e d  tempera- 
t u r e s  ( 1 2 0 ° F )  a n d  m o i s t u r e  content ( a p p r o x i m a t e l y  1 2  p e r c e n t )  
were completed u t i l i z i n g  I n s t r o n  e n v i r o n m e n t a l  chambers i n -  
s t a l l e d  b e t w e e n  t h e  u p r i g h t s  of t h e  load f r a m e s .  T h e s e  c h a m b e r s  
h a v e  c losed-loop t e m p e r a t u r e  c o n t r o l .  The s p e c i m e n  t e s t  s e c t i o n  
l oca l  e n v i r o n m e n t  w a s  m a i n t a i n e d  a t  a p p r o x i m a t e l y  100% RH d u r i n g  
t h e  h o t / w e t  t e s t s  b y  w r a p p i n g  t h e  test s e c t i o n  w i t h  a damp c l o t h  
a n d  s e a l i n g  t h e  a s s e m b l y  w i t h  p l a s t i c  wrap a n d  d u c t  tape. T h e  
h o t / w e t  s p e c i m e n s  were p r e c o n d i t i o n e d  i n  a c o n s t a n t  t e m p e r a t u r e  
a n d  h u m i d i t y  c h a m b e r  ( B l u e  M Model AC-7702HB-1) m a i n t a i n e d  a t  
1 2 0 ° F  a n d  a p p r o x i m a t e l y  100% R H  for  a l e n g t h  a time e m p i r i c a l l y  
d e t e r m i n e d  t o  r a i se  t h e  m o i s t u r e  c o n t e n t  t o  a p p r o x i m a t e l y  1 2  
p e r c e n t  b y  w e i g h t  f o r  e a c h  r e s p e c t i v e  s p e c i m e n  d e s i g n .  
1. MONOTONIC T E N S I O N  S P E C I M E N  D E S I G N  
The  e v o l u t i o n  o f  t h e  m o n o t o n i c  t e n s i o n  s p e c i m e n  d e s i g n  
b e g a n  w i t h  t h e  a p p l i c a b l e  ASTM s t a n d a r d s  (D143-52 a n d  D3500-76) 
3 
a n d  t h e  d a t a  p r e s e n t e d  by Markwardt  a n d  L o u n g q u i s t  i n  R e f e r e n c e  
1. A l l  of t h e s e  r e f e r e n c e s  recommend a d o g b o n e  s h a p e d  s p e c i m e n  
w i t h  l a r g e  t r a n s i t i o n  r a d i i  w i t h  a minimum g r i p  t o  tes t  s e c t i o n  
w i d t h  r a t i o  of 2 : l .  The minimum a c c e p t a b l e  test  s e c t i o n  w i d t h  
f o r  a l l  l a m i n a t e  t h i c k n e s s  was t a k e n  a s  t h e  maximum n o m i n a l  test  
I s e c t i o n  t h i c k n e s s  o r  1 i n c h  f o r  t h e  10 p l y  l a m i n a t e .  
I T h e  STL h a s  i n  o u r  g r i p  i n v e n t o r y  t w o  p a i r s  o f  
55,000 pound  c a p a c i t y  MTS h y d r a u l i c  a c t i v a t e d  wedge  a c t i o n  
g r i p s .  T h e  w e d g e s  w h i c h  clamp down o n  t h e  s p e c i m e n s  h a v e  a 
serrated s u r f a c e  a p p r o x i m a t e l y  4 i n c h e s  s q u a r e .  T e n s i l e  a n d / o r  
c o m p r e s s i v e  l o a d s  a re  t r a n s f e r r e d  f rom t h e  g r i p s  t o  t h e  s p e c i m e n  
b y  s h e a r  a t  t h e  g r i p / s p e c i m e n  i n t e r f a c e s .  
! 
The  n o r m a l  f o r c e s  w h i c h  t h e  g r i p s  e x e r t  o n  t h e  s p e c i m e n  
f a c e s  is a d j u s t a b l e  by  means of v a r y i n g  t h e  g r i p  h y d r a u l i c  
p r e s s u r e .  T h e s e  g r i p s  a re  c o n v e n i e n t  t o  u s e  ( s p e c i m e n  i n s t a l l a -  
t i o n  a n d  Lemoved i:: l e s s  than 60 s e c o n d s ) ,  p r o v i d e  v e r y  u n i f o r m  
g r i p p i n g ,  a n d  a re  i d e a l  f o r  f a t i g u e  work s i n c e  t h e y  are 
h y d r a u l i c a l l y  p r e l o a d e d  ( b a c k l a s h  f r e e ) .  
T h e s e  h y d r a u l i c  MTS g r i p s  were u t i l i z e d  f o r  t h e  d e v e l o p -  
men t  o f  t h e  t e n s i l e  s p e c i m e n .  The f i r s t  d e s i g n s  were 2 o r  
4 i n c h e s  wide i n  t h e  g r i p s  a n d  dogboned t o  a smaller  d i m e n s i o n  
i n  t h e  t e s t  s e c t i o n .  The specimen t h i c k n e s s  was c o n s t a n t  a t  3 ,  
5 ,  7 ,  or 10 ply. Only the unjointed longitudinal material 
(largest axial forces) was utilized in the Task I phase. Speci- 
men designs 1, 2, 3, and 6 shows in Figure 1 were all evaluated 
in conjunction with the MTS grips. Designs 4 and 5 were conceived 
as alternates to designs 3 and 6 res~ectively (with different 
test section volumes), but were not utilized. Immediately it 
w a s  n o t e d  t h a t  t h e  g r i p s  were e x c e s s i v e l y  c r u s h i n g  t h e  e n d s  o f  
t h e  s p e c i m e n s  c a u s i n g  a p r e m a t u r e  f a i l u r e  a t  t h e  g r i p .  T h i s  w a s  
c a u s e d  b y  a n  a x i a l  f o r c e  component  e x c e e d i n g  t h e  h y d r a u l i c  wedge 
p r e l o a d  r e s u l t i n g  i n  a d d i t i o n a l  wedging  a c t i o n  e v e n  t h o u g h  t h e  
c r u s h  p r o d u c e d  by t h e  i n i t i a l  h y d r a u l i c  preload w a s  s u f f i c i e n t  
t o  t r a n s f e r  t h e  s h e a r  load f r o m  t h e  g r i p  t o  t h e  s p e c i m e n .  T h i s  
s i t u a t i o n  w a s  r e m e d i e d  by d e s i g n i n g  U-shaped m e c h a n i c a l  c r u s h  
4 
l imi te rs  t o  s u r r o u n d  t h e  e n d s  o f  t h e  s p e c i m e n  a n d  l i m i t  t h e  
c r u s h  o n  t h e  s p e c i m e n  t o  a p p r o x i m a t e l y  15 p e r c e n t .  W i t h  t h e  
c r u s h  l imi te rs  i n s t a l l e d  t h e  s p e c i m e n  w i d t h  i n  t h e  g r i p s  was 
I l i m i t e d  t o  3 i n c h e s  a n d  t h e  s p e c i m e n  t e s t  s e c t i o n  w i d t h  w a s  
t a k e n  a s  1 i n c h  ( d e s i g n  7 i n  F i g u r e  1) .  W i t h  t h i s  s p e c i m e n  
d e s i g n  good r e s u l t s  ( f a i l u r e  i n  t h e  t e s t  s e c t i o n  a t  stresses 
comparable w i t h  o t h e r  i n v e s t i g a t o r s )  were o b t a i n e d  f o r  3, 5 a n d  
7 p l y  l a m i n a t e s .  T h e  10 p l y  l a m i n a t e  g e n e r a t e d  loads  s u f f i c i e n t  
t o  c a u s e  a s h e a r  f a i l u r e  i n  t h e  o u t e r  wood p l i e s  i n  t h e  g r i p .  A 
scaled u p  v e r s i o n  ( a p p r o x i m a t e l y  2 x )  o f  d e s i g n  7 w o u l d  undoub-  
t e d l y  work f o r  t h e  10 p l y  l a m i n a t e  b u t  was o u t s i d e  of t h e  scope 
of t h i s  e f f o r t .  The  T a s k  I t e n s i l e  t e s t  r e s u l t s  are  p r e s e n t e d  
i n  Table  1. The  m o d u l u s  v a l u e s  r e p o r t e d  i n  t h e  t ab l e  were 
g a t h e r e d  b y  u t i l i z i n g  a 2 - i n c h  g a g e  l e n g t h  s t r a i n  g a g e  e x t e n -  
someter a t t a c h e d  t o  t h e  c e n t e r  of t h e  test  s e c t i o n .  T h e  tests 







of t h e  a n t i c i p a t e d  c----b*.-fi   LA^^^^^^ 1 n a A  a t  % h i c k  t i m e  t h e  load w a s  h e l d  
w h i l e  t h e  e x t e n s o m e t e r  w a s  removed ( t o  p r e s e r v e  t h e  
e x t e n s o m e t e r )  t h e n  t h e  l o a d i n g  w a s  r e s u m e d  t o  f r a c t u r e .  T h e  
e x t e n s o m e t e r  w a s  a l t e r n a t e l y  p l a c e d  o n  t h e  f r o n t  o r  b a c k  (across 
a s i n g l e  p l y )  a n d  o n  t h e  s i d e  (across  a l l  p l i e s )  o n  t h e  
s p e c i m e n s .  The U n i v e r s i t y  recommends p l a c i n g  t h e  e x t e n s o m e t e r  
ac ross  t h e  s i d e  of t h e  s p e c i m e n  which  is w h a t  was d o n e  f o r  t h e  
T a s k  I1 t e n s i l e  s p e c i m e n s .  The 5 p l y  v e r s i o n  o f  d e s i g n  7 was 
selected f o r  T a s k  I1 t e s t i n g  s i n c e  t h e s e  r e s u l t s  appeared t o  be 
a b o u t  a v e r a g e  a n d  s i n c e  t h e  5 p l y  l a m i n a t e  l e n d s  i t s e l f  n i c e l y  
t o  i n c o r p o r a t i n g  t h r e e  scarf j o i n t s .  
2. MONOTONIC COMPRESSION SPECIMEN D E S I G N  
T h e  f irst  a t tempt  a t  a c o m p r e s s i o n  tes t  s p e c i m e n  d e s i g n  
w a s  a t e n s i o n  d e s i g n  w i t h  l a t e r a l  c o n s t r a i n t  ( a n t i b u c k l i n g  
f i x t u r e ) .  V i s u a l  m o n i t o r i n g  of  these tes ts  d i d  n o t  d i sc lose  a n y  
u n u s u a l  b e h a v i o r  a l t h o u g h  t h e  a x i a l  stress a t  f r a c t u r e  
( a p p r o x i m a t e l y  8,000 p s i )  w a s  lower t h a n  e x p e c t e d  a n d  i n d i c a t e d  
i n s t a b i l i t y  i n  t h e  s p e c i m e n s  ( b u c k l i n g ) .  I t  w a s  decided t o  t r y  
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3 PLY 2,282,376 14,439 29,967 1,118 
5 PLY 1,951,086 13,009 197,039 793 
7 PLY 1,961,865 13,587 W, 216 1,433 
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a 10 p l y  r i g h t  p r i sm s p e c i m e n  d e s i g n  ( d e s i g n  11) w i t h  a 3 t o  1 
s l e n d e r n e s s  r a t i o .  T h e s e  s p e c i m e n s  were tested b e t w e e n  f l a t  
s t e e l  p l a t e n s .  H a l f  of t h e  s p e c i m e n s  were tes ted w i t h  f i x e d  
p l a t e n s  t h e  o t h e r  h a l f  w i t h  o n e  f i x e d  a n d  o n e  s w i v e l  ( s p h e r i c a l  
s e a t )  p l a t e n .  Half of e a c h  of t h e s e  g r o u p s  were tes ted  w i t h  t h e  
s t r a i n  g a g e  e x t e n s o m e t e r  p l a c e d  on  t h e  f r o n t  ( o r  b a c k )  of t h e  
s p e c i m e n  ( o n  a s i n g l e  p l y )  a n d  t h e  o t h e r  h a l f  w i t h  t h e  e x t e n -  
someter o n  t h e  s i d e  o f  t h e  specimen (across  a l l  10 p l i e s ) .  The 
t es t  r e s u l t s  are  p r e s e n t e d  i n  Table 2. 
I f  t h e  e n d s  of t h e  c o m p r e s s i o n  s p e c i m e n  a r e  n o t  f l a t  a n d  
p a r a l l e l  a n d  a re  tested between f i x e d  p l a t e n s  t h e  e x t e n s o m e t e r  
s i g n a l  w i l l  g e n e r a l l y  be v e r y  n o n l i n e a r  a n d  t h e  c a l c u l a t e d  
m o d u l u s  w i l l  n o t  b e  r e p r e s e n t a t i v e  of t h e  mater ia l .  The c a l c u -  
l a t e d  m o d u l u s  c a n  e i t h e r  be lower o r  h i g h e r  t h a n  t h e  correct  
v a l u e  d e p e n d i n g  upon t h e  e f f e c t i v e  l e n g t h  o f  t h e  s p e c i m e n  a t  t h e  
l o c a t i o n  of t h e  e x t e n s o m e t e r .  Two e x t e n s o m e t e r s  ( o r  s t r a i n  
g a g e s )  placed 180 d e g r e e s  a p a r t  c o u l d  be u s e d  t o  p a r t i a l l y  
c o m p e n s a t e  f o r  t h i s  c o n d i t i o n  b u t  t h e  U n i v e r s i t y  recommends 
u s i n g  a s p h e r i c a l  sea t  p l a t e n  w i t h  t h e  e x t e n s o m e t e r  ac ross  t h e  
p l i e s  a n d  p r e c i s e l y  m a c h i n e d  s p e c i m e n s .  A l l  o f  t h e  T a s k  I 
c o m p r e s s i o n  s p e c i m e n  d e v e l o p m e n t  was c o n d u c t e d  i n  t h e  l o n -  
g i t u d i n a l  material  d i r e c t i o n .  S c a r f  j o i n t s  w e r e  n o t  i n c l u d e d  i n  
t h e  c o m p r e s s i o n  
e f f e c t  i n  t h i c k  
r o u n d e d  b y  many 
3. MONOTONIC 
T h e  s h o r t  
t e s t s  s i n c e  t h e y  were e x p e c t e d  t o  h a v e  l i t t l e  
l a m i n a t e s  w h e r e  a s i n g l e  j o i n t  w o u l d  b e  s u r -  
c o n t i n u o u s  p l i e s .  
S H E A R  SPECIMEN DESIGN 
beam s h e a r  t es t  was selected f o r  e v a l u a t i n g  t h e  
s h e a r  s t r e n g t h  o f  3 /  5 a n d  7 p l y  l a m i n a t e s .  The s p e c i m e n  a n d  
p r o c e d u r e s  w e r e  m o d e l e d  a f t e r  t h o s e  u s e d  f o r  h i g h  m o d u l u s  
f i b e r o u s  composites; ASTM D3518-76. The  s h e a r  p l a n e  f o r  a l l  t h e  
T a s k  I s p e c i m e n s  was i n  t h e  l o n g i t u d i n a l - t r a n s v e r s e  material  
d i r e c t i o n  ( f r a c t u r e  w a s  d e s i g n e d  t o  b e  i n  t h e  m i d d l e  o f  t h e  
c e n t e r  p l y ) .  T h e  f i x t u r e  s p a n  was f i v e  times t h e  n o m i n a l  
s p e c i m e n  d e p t h  (0 .3 ,  0.5,  o r  0.7 i n c h )  t h e  s p e c i m e n  w i d t h  w a s  
11 
TABLE 2 
TASK I1 - COMPRESSION TEST RESULTS 
NAscl LFmINATED WOOD STFlTIC COMPRESSION TESTS 
Dimens ions:  l"xl"x3" 
Spec i men Modu 1 u s  U l t  imate Stress Extensometer 
Number ( p s i  1 ( p s i  1 Locat ion 
























ac ross  b l  ies 
ac ross  p l i e s  
across p l i e s  
across p l i e s  
on s i d e  
on s i d e  
on s i d e  
on s i d e  
on s i d e  
Extensometer Mean Mean Standard  Deuiat  ion Standard Deuiat  ion 
Location Modulus Ul t  imate Stress Modu 1 us Ultimate  Stress 
a c r o s s  
p l  ies 2,049,000 9,- 191,100 
on s i d e  1,856,000 9,803 256,300 




W 1 FIXED PLATEN, 1 SWIVEL M T E N  ** 
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Specimen Modu 1 us Ultimate Stress Extensometer 
Number (psi 1 (psi 1 Locat ion 
50 3 1,533,888 9,578 across plies 
514 2,118,888 10,138 across plies 
513 1,797,888 9,810 across plies 
51 6 2,899,888 9,549 on side 
517 2,873,888 10,868 on side 
518 1,-,= 3, a6 =r! side 
- 
Extensometer Nean Hean Standard Deuiation Standard Deuiation 
Location Modulus Ultimate Stress Modu 1 us Ultimate Stress . 
across 
p 1 its 1,816,888 9,840 239,200 226 
on side 1,993,888 9,818 132,488 210 
combined 1,904,888 9, 212,600 218 
TABLE 2 
TASK 11 - COMPRESSION TEST RESULTS (CONCLUDED) 
NAsFl LRMINATED WOOD STATIC COtPRESSIoN TESTS 
Dimens ions: l"xl"x3" 
2 FIXED PUTENS 
t w i c e  t h e  d e p t h  a n d  t h e  o v e r a l l  l e n g t h  w a s  s e v e n  times t h e  d e p t h  
( s p e c i m e n  d e s i g n  1 0 ) .  A s  w i t h  a l l  t h e  m o n o t o n i c  tests t h e  t e s t  
m a c h i n e  d i s p l a c e m e n t  r a t e  w a s  s e l e c t e d  so a s  t o  p r o d u c e  a 
f a i l u r e  i n  1 t o  2 m i n u t e s .  The Task  I s h o r t  beam s h e a r  tes t  
r e s u l t s  a re  p r e s e n t e d  i n  Tab le  3. T h e  3 p l y  s p e c i m e n  y i e l d e d  
t h e  h i g h e s t  s h e a r  s t r e n g t h  v a l u e s  a l t h o u g h  i t  m u s t  b e  remembered  
t h a t  w i t h  t h i s  s p e c i m e n  a n d  ma te r i a l  d i r e c t i o n  w e  are  e v a l u a t i n g  
a s i n g l e  p l y  a n d  f o r  e a c h  l a m i n a t e  a l l  t h e  s p e c i m e n s  were t a k e n  
from t h e  same b o a r d ,  The  3 p l y  s p e c i m e n  a l s o  seemed t o  h a v e  
fewer o c c u r r e n c e s  o f  b e n d i n g  f a i l u r e s  t h a n  e i t h e r  t h e  5 a n d  7 
p l y  s p e c i m e n .  B a s e d  upon t h e s e  r e s u l t s  t h e  3 p l y  s h o r t  beam 
s h e a r  s p e c i m e n  w a s  selected f o r  Task  11. 
I 
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4.  F A T I G U E  S P E C I M E N  D E S I G N  
T h e  s t a r t i n g  p o i n t  f o r  t h e  e v o l u t i o n  o f  t h e  f a t i g u e  
s p e c i m e n  d e s i g n s  w a s  t h e  c o n s t a n t  t h i c k n e s s  d o g b o n e d  w i d t h  
t e n s i l e  s p e c i m e n  g e o m e t r y ,  The  f a t i g u e  e v a l u a t i o n s  were i i m i t e d  
t o  t h e  l o n g i t u d i n a l  material  d i r e c t i o n  f o r  b o t h  T a s k  I a n d  T a s k  
11. The  same problem descr ibed f o r  t h e  t e n s i l e  s p e c i m e n s  of 
c r u s h i n g  t h e  e n d s  o f  t h e  s p e c i m e n s  w i t h  t h e  w e d g i n g  a c t i o n  o f  
t h e  g r i p s  e x i s t e d  f o r  t h e  e a r l y  f a t i g u e  s p e c i m e n s  a n d  was 
r e m e d i e d  i n  t h e  same manner  (U-shaped c r u s h  l imi te rs ) .  A d i f -  
f i c u l t y  w h i c h  o c c u r r e d  o n l y  o n  t h e  f a t i g u e  s p e c i m e n s  was t h e  
g r a d u a l  c r a c k i n g  w h i c h  s t a r t e d  a t  t h e  b l e n d  p o i n t s  o f  t h e  t r a n -  
s i t i o n  r a d i i  a n d  preceeded t o w a r d s  t h e  g r i p s  l e a d i n g  t o  s p e c i m e n  
f a i l u r e  a t  t h e  g r i p s .  I n  e f f e c t  t h e  s p e c i m e n s  were c h a n g i n g  
f r o m  a d o g b o n e  c o n f i g u r a t i o n  t o  a s t r a i g h t  s i d e d  c o n f i g u r a t i o n .  
A l l  of t h e  s t r a i g h t  s i d e d  specimens s u b j e c t e d  t o  c y c l i c  l o a d i n g ,  
w i t h  ( i . e . /  d e s i g n  Nos. 9 a n d  1 2 )  o r  w i t h o u t  r e i n f o r c i n g  t a b s ,  
i n e v i t a b l y  f a i l e d  i n  t h e  g r i p s  s ince  t h e  l a m i n a t e  w a s  b e i n g  
damaged by  t h e  g r i p  c r u s h i n g  a c t i o n .  T o  be compatible  w i t h  t h e  
MTS h y d r a u l i c  g r i p s  a n d  p r o d u c e  f a i l u r e s  w i t h i n  t h e  t e s t  s e c t i o n  
t h e  f a t i g u e  s p e c i m e n  d e s i g n s  would n e e d  t o  b e  d o g b o n e d  i n  t h e  
w i d t h  d i r e c t i o n  a n d  r e i n f o r c e d  i n  t h e  t h i c k n e s s  d i r e c t i o n  i n  t h e  
t r a n s i t i o n  area b e t w e e n  t h e  t e s t  s e c t i o n  a n d  t h e  g r i p .  Many 
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TABLE 3 
SHORT BEAM SHEAR TEST RESULTS 










I SPECIMN MQQJESS WIDTH S€H?LOQD 
PCMBER (IN. 1 (IN. 1 (LBS. 1 
3-10-5-401 .300 .600 430.0 
3-10-5-402 .3067 .618 470.0 
3-10-5-403 .3073 .612 447.0 
3-185-404 .3073 .613 482.5 
3-185-485 .3663 ,616 445.0 
3-10-5-486 ,3013 .612 430.0 
310-5407 .3883 .612 452.5 
3-10-5-488 .3113 .617 487.0 
I *10-5-409 .3113 .616 462.5 
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1 5  
i t e r a t i o n s  o f  r e i n f o r c i n g  t h e  s p e c i m e n  g r i p p i n g  a rea  were 
e v a l u a t e d  b e f o r e  a s u c c e s s f u l  a p p r o a c h  e v o l v e d .  I n i t i a l  a t -  
tempts i n c l u d e d  d o g b o n i n g  t h e  s p e c i m e n  t h i c k n e s s ,  a d d i n g  
u r e t h a n e  t a b s  a n d  a d d i n g  f i b e r g l a s s  t abs .  S p e c i m e n s  w i t h  con-  
s t a n t  t h i c k n e s s  r e i n f o r c e i n g  t a b s  ( i . e . !  d e s i g n  N o .  8 i n  F i g u r e  
1) r e s p o n d e d  t o  t h e  f a t i g u e  l o a d i n g  b y  d e l a m i n a t i o n  o f  t he  t abs  
s t a r t i n g  a t  t h e  l e a d i n g  e d g e  a n d  p r o g r e s s i n g  toward t h e  g r i p  a s  
t h e  s p e c i m e n  a c c u m u l a t e d  c y c l e s .  The s c h e m e  w h i c h  p r o v e d  s u c -  
c e s s f u l  u t i l i z e d  t h e  a p p r o a c h  of g r a d u a l l y  t r a n s i t i o n i n g  f r o m  
t h e  l o w  c o m p l i a n c e  o f  t h e  g r i p s  t o  t h e  r e l a t i v e l y  h i g h  com- 
p l i a n c e  o f  t h e  s p e c i m e n  t es t  s e c t i o n  w h i l e  r e i n f o r c i n g  t h e  
t r a n s i t i o n  a r e a s  o f  t h e  s p e c i m e n  e s p e c i a l l y  i n  t h e  t r a n s v e r s e  
d i r e c t i o n .  T h i s  s t i f f n e s s  t a p e r i n g  a n d  l a t e r a l  s u p p o r t  c o m b i n e d  
w i t h  i n c r e a s i n g  t h e  t es t  s e c t i o n  w i d t h  t o  2 i n c h e s  ( t h e  g r i p  
w i d t h  is 3 i n c h e s  w i t h  t h e  c r u s h  l imi te rs )  g e n e r a t e d  s p e c i m e n  
d e s i g n s  13 a n d  135. G e n e r a l l y  t h e s e  d e s i g n s  f a i l e d  b y  c r a c k i n g  
i n  tile t e s t  s e c t i o n s  fcr a l l  combin%tinna of R r a t i o s  a n d  en-  
v i r o n m e n t s  w h i c h  were e v a l u a t e d .  
T h e  l o n g i t u d i n a l  s t i f f n e s s  t a p e r i n g  i n  t h e s e  s p e c i m e n s  w a s  
a c c o m p l i s h e d  by  l a y e r i n g  t h r e e  d i f f e r e n t  l e n g t h s  o f  E g l a s s  
c o m b i n e d  w i t h  t a p e r i n g  t h e  t h i c k n e s s  o f  t h e  West S y s t e m  e p o x y  
u s e d  t o  bond t h e  f i b e r g l a s s  t o  t h e  l a m i n a t e .  The  s e r r a t i o n s  of 
t h e  MTS g r i p s  w o u l d  n o t  b i t e  t h e  West S y s t e m  e p o x y  w i t h o u t  
e x c e s s i v e  c r u s h i n g  s o  d e a d  s o f t  (1100 ser ies)  a luminum tabs  were 
added w h i c h  y i e l d  t o  t h e  s e r r a t i o n s  u n d e r  t h e  n o r m a l  c l a m p i n g  
forces.  The s t r e n g t h  of t h e  aluminum tab/West S y s t e m  e p o x y  bond 
w a s  s u f f i c i e n t  f o r  3 p l y  2 - i n c h  wide t es t  s e c t i o n  f a t i g u e  tests 
a n d  5 p l y  2 - i n c h  wide ( w i t h  t h r e e  scarf j o i n t s )  f a t i g u e  t e s t s  
b u t  was n o t  s u f f i c i e n t  f o r  t h e  5 p l y  d e s i g n  w i t h o u t  j o i n t s  i n  
t h e  2 - i n c h  w i d t h .  The 3 p l y  d e s i g n  13 s p e c i m e n  a n d  t h e  5 p l y  
d e s i g n  135 (J d e n o t e s  w i t h  3 s c a r f  j o i n t s )  s p e c i m e n s  were 
selected f o r  T a s k  I1 e v a l u a t i o n .  L o w  vo lume  v e r s i o n s  o f  
s p e c i m e n s  13 a n d  135 were a l s o  d e s i g n e d  (14 a n d  145) b u t  were 
n o t  u t i l i z e d  d u r i n g  t h e  c u r r e n t  e f f o r t .  
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SECTION 3 
T A S K  I1 - GENERATING TEST D A T A  
T h e  T a s k  I1 m o n o t o n i c  a n d  c y c l i c  f a t i g u e  t es t  matr ic ies  
are  p r e s e n t e d  i n  Tables  4 a n d  5 r e s p e c t i v e l y .  The 10 p l y  
m o n o t o n i c  c o m p r e s s i o n  t e s t  specimens were GFE. T h e  r e m a i n i n g  
s p e c i m e n s  were f a b r i c a t e d  by  t h e  U n i v e r s i t y ' s  s u b c o n t r a c t o r ,  
D a y t o n  Scale Model I n c . /  u s i n g  U D R I  e s t a b l i s h e d  p r o c e d u r e s  a n d  
NASA s u p p l i e d  l a m i n a t e s .  Due to  t h e  l i m i t e d  s u p p l y  o f  material  
a l l  t h e  3 p l y  a n d  5 p l y  m o n o t o n i c  tes t  s p e c i m e n s  were removed 
from a s i n g l e  s h e e t  o f  t h e  3 a n d  5 p l y  l a m i n a t e s .  
1. T E N S I L E  TEST R E S U L T S  
T h e  T a s k  I1 t e n s i l e  test  r e su l t s  a re  p r e s e n t e d  i n  Table  6. 
The m o d u l u s  da ta  f o r  t h e  5 p l y  d e s i g n  75 t e s t  s p e c i m e n s  was 
o b t a i n e d  w i t h  a 2 i n c h  g a g e  l e n g t h  s t r a i n  g a g e  e x t e n s o m e t e r  
placed a c r o s s  t h e  p l i e s  a t  t h e  center of t h e  t e s t  s e c t i o n  so 
t h a t  t h e  e x t e n s o m e t e r  s p a n n e d  t h e  s c a r f  j o i n t  o f  t h e  c e n t e r  p l y .  
The f i r s t  b a t c h  of t h e  d e s i g n  7 h o t / w e t  t es t  s p e c i m e n s  were 
p r e c o n d i t i o n e d  i n  t h e  120 'F a p p r o x i m a t e l y  100% R H  c h a m b e r  
w i t h o u t  p r o t e c t i n g  t h e  e n d s  o f  t h e  s p e c i m e n s  f r o m  t h e  
e n v i r o n m e n t .  T h e s e  s a m p l e s  f a i l e d  by  s h e a r i n g  i n  t h e  o u t e r  
p l i e s  i n  t h e  g r i p s  b e f o r e  a t e s t  s e c t i o n  f a i l u r e  o c c u r r e d .  W e  
t h e n  re tes ted t h r e e  r e m a i n i n g  s a m p l e s  a f t e r  p r o t e c t i n g  t h e i r  
g r i p p i n g  s u r f a c e s  w i t h  p l a s t i c  wrap  a n d  d u c t  t ape  w h i l e  t h e y  
were b e i n g  p r e c o n d i t i o n e d .  P o i s s o n ' s  r a t i o  ( p L T )  is repor ted  
f o r  t w o  s p e c i m e n s  a t  t h e  RT c o n d i t i o n  w h i c h  were i n s t r u m e n t e d  
w i t h  h i g h  i m p e d a n c e  h i g h  e l o n g a t i o n  s t r a i n  g a g e s  w i t h  t h e i r  a x i s  
a l i g n e d  w i t h  t h e  t r a n s v e r s e  material  d i r e c t i o n  a t  t h e  c e n t e r  o f  
t h e  s p e c i m e n  t e s t  s e c t i o n .  
2 .  COMPRESSION TEST RESULTS 
T h e  T a s k  I1 c o m p r e s s i o n  tes t  r e s u l t s  a r e  p r e s e n t e d  i n  
T a b l e  7. As w i t h  many o f  t h e  m o n o t o n i c  teats  c o n d u c t e d  i n  t h e  
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o u r  DEC PDP 11/34 m i n i c o m p u t e r  d a t a  r e d u c t i o n  s y s t e m .  A t y p i c a l  
t es t  c u r v e  is r e p r o d u c e d  i n  F i g u r e  2. P o i s s o n  r a t i o  m e a s u r e -  
m e n t s ,  w h e r e  l i s t e d  i n  t h e  t a b l e ,  were d e t e r m i n e d  by m o u n t i n g  
h i g h  i m p e d a n c e  h i g h  e l o n g a t i o n  s t r a i n  g a g e s  i n  t h e  d i r e c t i o n  
p e r p e n d i c u l a r  t o  t h e  l o a d i n g  a x i s  on t h e  face p l y  of t h e  t e s t  
s p e c i m e n s .  
3. SHORT BEAM S H E A R  TEST RESULTS 
I T h e  T a s k  I1 s h o r t  beam s h e a r  t e s t  r e s u l t s  a re  p r e s e n t e d  i n  
T a b l e  8. S e v e r a l  s p e c i m e n s  f a i l e d  i n  b e n d i n g  i n  t h e  o u t e r  p l y  
i n s t e a d  of s h e a r  i n  t h e  c e n t e r  p l y .  The  c e n t e r  p l y  s h e a r  stress 
w a s  c a l c u l a t e d  f o r  t h e  load a t  wh ich  b e n d i n g  f a i l u r e  o c c u r r e d  
a n d  is repor t ed  f o r  r e f e r e n c e  b u t  was n o t  i n c l u d e d  i n  d e t e r m i n -  
i n g  t h e  mean o r  s t a n d a r d  d e v i a t i o n .  E x p o s i n g  t h e  LT s p e c i m e n s  
t o  t h e  h o t / w e t  e n v i r o n m e n t  seemed  to  h a v e  more o f  a n  e f f e c t  o n  
I t h e  s h e a r  s t r e n g t h  of t h e  l a m i n a t i o n s  t h a t  t h e  s t r e n g t h  of t h e  
I 
l 
D o u g l a s  F i r .  S e v e r a l  of these s p e c i m e n s  f a i l e d  i n  shear i n  tile 
West S y s t e m  e p o x y  l a m i n a t i o n  a n d  a g a i n  t h e  n e u t r a l  a x i s  s h e a r  
stress is reported b u t  n o t  i n c l u d e d  i n  t h e  c a l c u l a t i o n s .  
4. TEN DEGREE O F F - A X I S  T E N S I L E  S H E A R  TEST R E S U L T S  
T h e  10 degree o f f - a x i s  t e n s i l e  s h e a r  t e s t  p r o c e d u r e  f o r  
t h e  i n t r a l a m i n a r - s h e a r  c h a r a c t e r i z a t i o n  o f  u n i d i r e c t i o n a l  f i b e r  
composites is d e s c r i b e d  by  Chamis  a n d  S i n c l a i r  i n  R e f e r e n c e  2.  
I A s i n g l e  s p e c i m e n  w a s  e v a l u a t e d  wh ich  h a d  t h e  l o n g i t u d i n a l  
mater ia l  d i r e c t i o n  t i l t e d  10 d e g r e e s  from t h e  a x i a l  l o a d i n g  
d i r e c t i o n .  The specimen was 3 f e e t  l o n g ,  2 i n c h e s  w i d e  a n d  3 
I 
I 
I p l y  t h i c k  a n d  w a s  e q u i p p e d  w i t h  60 degrees d e l t a  roset te  s t r a i n  
g a g e s  moun ted  b a c k  t o  b a c k  a t  t h e  cen te r  of t h e  s p e c i m e n .  The 
e n d s  of t h e  s p e c i m e n  were g r i p p e d  u t i l i z i n g  t h e  same h y d r a u l i c  
a c t i v a t e d  wedge a c t i o n  MTS g r i p s  w i t h  m e c h a n i c a l  c r u s h  l imiters 
t h a t  were u s e d  f o r  t h e  t e n s i l e  tes t  a n d  t h e  s p e c i m e n  was p u l l e d  
to f a i l u r e  a t  a s t a t i c  ra te .  The  f r a c t u r e  o c c u r r e d  w i t h i n  t h e  
t e s t  s e c t i o n  i n  t h e  l o n g i t u d i n a l - r a d i a l  p l a n e  (across  t h e  p l i e s )  
a s  was d e s i r e d .  The  c a l c u l a t e d  stress v e r s u s  s t r a i n  c u r v e  ( a  L R  
22 














0.00 0.40 0.88 1.20 1.60 2.00 
STRRIN ( IN/ IN)  E* 
COMPRESSIVE MODULUS OF ELFISTICITY: 2234 Ksi  ( 15.41 GPa-1 
ULTIMFlTE COMPRESSIVE STRENGTH: 16.27 Ksi ( 70.8 MPa) 
..................................................................... 
F i g u r e  2 .  Typica l  Task I1 Compression T e s t  R e s u l t s .  
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'TABLE a 
T A S K  I1 STATIC SHORT BEAM S H E A R  TEST RESULTS 
3 p l y ,  D e s i g n  10 Spec imen  C o n f i g u r a t i o n  
S h e a r  P a r a l l e l  t o  t h e  G r a i n  ( L o n g i t u d i n a l )  D i r e c t i o n  
I 
S p e c i m e n  E n v i r o n m e n t a l  
I Number C o n d i t i o n  
3-10-5-431 R T i R H  
-432 
- 4 3 3  
-434  
I -435  It 
S h e a r  
S t r e n g t h ,  S L T ( p s i )  Comments 
___-_I-- -- --_-----__ 
>1170  S h e a r  f a i l u r e  i n  
o u t e r  p l y  
1190 
1 0 7 0  
> 1 2 2 0  B e n d i n g  f a i l u r e  i n  
o u t e r  p l y  
- 1170  
I Mean ( S t d .  Dev.) 1140 ( 5 0 )  
3-10-5-441 12O"Ft  100% R H  > 700  S h e a r  F a i l u r e  a t  
I1 p l y  i n t e r f a c e  
-442  > 592  
> 6 2 5  -443 
-444 003 
> 5 9 2  -445  
Mean ( S t d .  Dev. )  




I I 1  
C r -  
I1  
-- - 
3 p l y ,  D e s i g n  1 5  Spec imen  C o n f i g u r a t i o n  
S h e a r  Across t h e  P l i e s  ( R a d i a l )  D i r e c t i o n  
S p e c i m e n  Env i ronmen  t a l  S h e a r  
Number C o n d i t i o n  S t r e n g t h  , SLR ( p s i )  Comments 
---------- ---- ---_-----I-__----~- --------- --- 







> la40  
>1730  
Bend ing  f a i l u r e  
II 
V I  
Mean ( S t d .  Dev. )  1830 ( 0 )  





-458 >1170 I1 
-459  > lo10  
-460 > 970 




Mean ( s t d .  Dev. )  
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-12,758 in l in  
1,020 p s i ,  
0.00 -0.35 -0.70 -1.05 -1.40 
INll?WVlINFIR SkGH STRFIIN E 0 4  
(pin/in) 
E : E  45 ' '9~ 90 L,P E '   r'dg E 0 : vo LR Pt.: Loa6 o 
1 : 1,000 28s : +2.38 1,656 : -1.22 -87'8 : -0.87 626 : -3,398 
3 : 3,888 855 : 6.93 4,990 : -3.98 -2,sa : -2.55 -1,836 : -10,515 
2 I 2,000 578 : +4.61 3,319 : -2.52 -1,814 : -1.72 -1,238 : -6,923 
4 : 3,575 1,020 :'+e.= 5,976 : 4.72 -3,359 : -3.02 -2,175 : -12,745 
= 80,000 psi - 1020 psi GLR 12750 yin/in 
Figure 3. Ten Degree Off-Axis Tensile Shear Test Results. 
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v e r s u s  E: ) is  r e p r o d u c e d  i n  F i g u r e  3. F r a c t u r e  o c c u r r e d  a t  a 
stress o f  1 0 2 0  p s i  ( a U l t ) .  T h e  s e c a n t  s h e a r  m o d u l u s  (GLR) f o r  
t h i s  t e s t  w a s  c a l c u l a t e d  t o  be 80,000 p s i .  
LR 
LR 
5. C Y C L I C  TEST RESULTS 
T h e  T a s k  I1 s p e c i m e n  d e s i g n  13 ( 3  p l y  w i t h o u t  j o i n t s )  
f a t i g u e  t es t  r e s u l t s  a re  p r e s e n t e d  i n  F i g u r e s  4 t h r o u g h  6 f o r  R 
r a t i o s  o f  0 .0 ,  -0.5, a n d  -1.0 a t  RT a n d  R H .  F i g u r e s  7 a n d  8 
p r e s e n t  t h e  f a t i g u e  r e s u l t s  f o r  R r a t i o s  o f  0.0 a n d  -1.0 a t  
1 2 0 ° F  a n d  100% R H .  T h e  T a s k  I1 s p e c i m e n  d e s i g n  135 ( 5  p l y  w i t h  
3 scar f  j o i n t s )  f a t i g u e  tes t  r e s u l t s  a re  p r e s e n t e d  i n  F i g u r e s  9 
t h r o u g h  11 f o r  R r a t i o s  o f  0.0,  -0.5, a n d  -1.0 a t  RT a n d  RH. 
F i g u r e s  1 2  a n d  13 p r e s e n t  t h e  f a t i g u e  r e s u l t s  f o r  R r a t i o s  o f  
0.0 a n d  -1.0 a t  1 2 0 ° F  a n d  100% RH. For a l l  o f  t h e s e  t e s t s  t h e  
f a i l u r e s  o r i g i n a t e d  w i t h i n  t h e  t e s t  s e c t i o n  a n d  a f a i l u r e  is 
d e f i n e d  a s  when t h e  s p e c i m e n  c o u l d  n o  l o n g e r  s u s t a i n  t h e  a p p l i e d  
load. 
T h e  s p e c i m e n s  tested a t  t h e  n e g a t i v e  R r a t i o s  a n d  R T  a n d  
R H  were g i v e n  l a t e r a l  s u p p o r t  w i t h  a n t i b u c k l i n g  f i x t u r e s  w i t h  
0 . 2 5  i n c h  t h i c k  T e f l o n  coated aluminum p l a t e s  c o n t a c t i n g  t h e  
t e s t  s e c t i o n  a t  t w o  e q u a l l y  s p a c e d  l o c a t i o ? s  so t h a t  most o f  t h e  
t es t  s e c t i o n  c o u l d  be v i e w e d  d u r i n g  t h e  t e s t .  The  s p e c i m e n s  
t es ted  a t  t h e  n e g a t i v e  R r a t i o s  and  12O0F,  a n d  1 0 0 %  R H  were 
g i v e n  l a t e r a l  s u p p o r t  by c l a m p i n g  T e f l o n  c o a t e d  a luminum an-  
t i b u c k l i n g  p l a t e s  o v e r  t h e  e n t i r e  l e n g t h  o f  t h e  t e s t  s e c t i o n  so 
t h a t  t h e  e n t i r e  t es t  s e c t i o n  was o b s c u r r e d .  T h e s e  a n t i b u c k l i n g  
p l a t e s  were i n  t u r n  e n c l o s e d  by m o i s t  c l o t h s  a n d  t h e  e n t i r e  
a s s e m b l y  w a s  sealed w i t h  p l a s t i c  wrap a n d  j u c t  t ape .  The  e n t i r e  
t e s t  s p e c i m e n  a s s e m b l y  w a s  t h e n  placed i n s i d e  t h e  e n v i r o n m e n t a l  
c h a m b e r  w h i c h  w a s  m a i n t a i n e d  a t  1 2 0 ° F .  A t h e r m o c o u p l e  w a s  
a t t a c h e d  t o  t h e  s p e c i m e n  t e s t  s e c t i o n  a n d  t h e  t es t  w a s  s t a r t ed  
a f t e r  t h e  t h e r m o c o u p l e  s t a b i l i z e d  a t  1 2 0 ° F  (1 t o  2 h o u r  s o a k ) .  
The  s p e c i m e n s  d e s i g n a t e d  f o r  h o t / w e t  f a t i g u e  t e s t i n g  were s o a k e d  
i n  a p r e c o n d i t i o n i n g  c h a m b e r  m a i n t a i n e d  a t  1 2 0 ° F  a n d  ap- 
p r o x i m a t e l y  100% RH f o r  1 2  t o  14 d a y s  t o  raise t h e i r  m o i s t u r e  
(text continued on page 37) 
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Figure  4 .  R o o m  Temperature,  0 . 0  R R a t i o ,  Specimen Design 13, 
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CYCLES TO FFlILURE 
NAscl LCY1INFITED MOOD FFlTIaJE TE!;T RESULTS 
(design 13, R ratio = -8 .5 )  




























F i g u r e  5. R o o m  Temperature,  -0 .5  R R a t i o ,  Specimen Design 1 3 ,  

























E 8 2  E 03 E 0 4  E 0 5  E 0 6  E 0 7  
CYCLES TO FFIILLlRE 
NRSFI LAMINFITfD WOOD FFITIGUE TEST RESULTS 
(design 13, R ratio = -i.0) 
Specimen Description Maximum Stress (psi) Cycles to Failure 
3-2-3-13-296 3588 1,916,388 
............................................... 
3-2-3-13-281 3588 2,584, 
3-2-3-13-288 3588 7,822 100 
3-2-3-13-285 4888 2, a, 688 
3-2-3-13-280 4000 847,288 
3-2-3-13-277 4000 168,688 
3-2-3-13-273 4888 3,217,588 
3-2-3-13-270 5000 9,500 
3-2-3-13-276 5000 14,988 
3-2-3-13-278 5800 130,500 
3-2-3-13-282 5800 245,388 
3-2-3-13-284 6000 7,100 
3-2-3-13-283 6000 5,100 
3-2-3-13-279 6000 200 
3-2-3-13-269 6000 56,600 
Figure 6. Room Temperature, -1.0 R Ratio, Specimen Design 13, 
Fatigue Results. 
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E 0 3  E 0 4  E 0 5  E 8 6  
CYCLES TO FFIILURE 
WSQ LRMIWTED GjOOD FFITIGUE TEST RESULTS 
(design 13, R ratio = 8.8) 













F i g u r e  7 .  1 2 0 ° F ,  Approximately 100%RH, 0 . 0  R R a t i o ,  Specimen 
























E 0 5  
CYCLES TO FFIILURE 
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Figure  10. Room Temperature,  - 0 . 5  R R a t i o ,  Specimen Design 13J, 
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F i g u r e  11. R o o m  T e m p e r a t u r e ,  -1.0 R R a t i o ,  S p e c i m e n  Design 13S, 
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Figure 13. 120°F, Approximately 100% RH, -1.0 R Ratio, Specimen 
Design 13J, Fatigue Results. 
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c o n t e n t  t o  a p p r o x i m a t e l y  1 2  p e r c e n t .  The  J irst b a t c h  o f  
s p e c i m e n s  s o a k e d  a l l  e x h i b i t e d  s e v e r e  d e l a m i n a t i o n  o f  t h e  
g l a s s / e p o x y  g r i p  r e i n f o r c i n g  a f t e r  t h e  r e q u i r e d  e x p o s u r e  a n d  
were s c r a p e d .  
I A l l  t h e  s u b s e q u e n t  s p e c i m e n s  were s e a l e d  w i t h  p l a s t i c  
wrap a n d  d u c t  tape so t h a t  o n l y  t h e i r  t es t  s e c t i o n s  were e x p o s e d  
t o  t h e  moist  e n v i r o n m e n t .  Our  s y s t e m  used  t o  m a i n t a i n  ap-  
p r o x i m a t e l y  100% RH d u r i n g  t h e  test a l s o  c a u s e d  t h e  m o i s t u r e  
c o n t e n t  t o  r i se  d u r i n g  t h e  t e s t  e s p e c i a l l y  o n  t h e  h i g h  c y c l e  
tes t .  A l l  t h e  f a t i g u e  tests were r u n  a t  a l o a d i n g  f r e q u e n c y  o f  
5 Hz so t h a t  t h e  l o7  r u n o u t  tests r e q u i r e d  2 3 . 1  d a y s .  
s e v e r a l  of t h e  r u n o u t  specimens w e  removed t h e  test  s e c t i o n s  a n d  
b a k e d  them o u t  a t  2 2 0 ° F  a n d  f o u n d  moisture c o n t e n t s  a s  h i g h  a s  
1 7  p e r c e n t  b y  w e i g h t .  Two o f  t h e  STL MTS f a t i g u e  tes t  s y s t e m s  
w i t h  a t t e n d a n t  h y d r a u l i c  g r i p s  a n d  a n t i b u c k l i n g  f i x t u r e s  f o r  RT 





S E C T I O N  4 
CONCLUSIONS A N D  RECOMMENDATIONS 
T h e  s t a t i c  m o n o t o n i c  t e n s i o n  a n d  c o m p r e s s i o n  t e s t  r e s u l t s  
compare f a v o r a b l y  w i t h  r e s u l t s  o b t a i n e d  b y  o t h e r  i n v e s t i g a t o r s  
w i t h  much l a r g e r  samples ( i . e . l  R e f e r e n c e  3 ) .  The  5 /1  
s p a n / d e p t h  r a t i o  s h o r t  beam s h e a r  t e s t  s p e c i m e n  g e o m e t r y  appears  
m a r g i n a l  f o r  t h i s  a p p l i c a t i o n .  A l t h o u g h  t h e  s h o r t  beam s h e a r  
t es t  is v e r y  s t r a i g h t - f o r w a r d  a n d  e c o n o m i c a l  t h e  f a i l u r e  mode is 
v a r i a b l e .  The  10 d e g r e e  o f f - a x i s  t e n s i l e  s h e a r  t e s t  appears  t o  
be a v i a b l e  a l t e r n a t i v e  t o  t h e  s h o r t  beam s h e a r  t es t  ( a t  l e a s t  
i n  t h e  L R  mater ia l  d i r e c t i o n )  a l t h o u g h  t h e  s p e c i m e n s  a r e  more 
d i f f i c u l t  t o  prepare a n d  t h e  p r o c e d u r e  is  much more i n v o l v e d .  
A d d i n g  t h r e e  scarf  j o i n t s  to  t h e  m o n o t o n i c  t e n s i l e  s p e c i m e n  
seemed t o  p r o d u c e  n o  e f f e c t  o f  t h e  mater ia l  m o d u l u s  b u t  d i d  
r e d u c e  t h e  u l t i m a t e  s t r e n g t h  a t  b o t h  e n v i r o n m e n t a l  c o n d i t i o n s .  
i n c r e a s i n g  the  t ~ m p e r z t u r e  a ~ c !  moistnre content  of t h e  m o n o t o n i c  
s p e c i m e n s  a p p a r e n t l y  p r o d u c e d  s i g n i f i c a n t  r e d u c t i o n s  i n  m o d u l u s  
a n d  s t r e n g t h .  
T h e  U n i v e r s i t y  b e l i e v e s  t h e  T a s k  I1 c y c l i c  f a t i g u e  t e s t  
r e s u l t s  are  c o n s e r v a t i v e  i n  c o m p a r i s o n  w i t h  much l a r g e r  vo lume  
s p e c i m e n s .  A s i n g l e  l o w  s t r e n g t h  p l y  i n  a 3 p l y  l a m i n a t e  wou ld  
p r o d u c e  r e l a t i v e l y  l o w  c y c l e  resul ts  a n d  a c c o u n t  f o r  con-  
s i d e r a b l e  sca t te r .  T h e  same l o w  s t r e n g t h  p l y  may n o t  h a v e  t h e  
same e f f e c t  i n  a 20 o r  30 p l y  l a m i n a t e .  The  a u t h o r  h a d  some 
s u c c e s s  i n  v i s u a l l y  i n s p e c t i n g  t h e  f a t i g u e  s p e c i m e n s  b e f o r e  t e s t  
a n d  r a n k i n g  t h e  t es t  r e s u l t s  b a s e d  upon  a p p e a r a n c e .  
Any e f f e c t s  p r o d u c e d  b y  i n c r e a s i n g  t e m p e r a t u r e  o r  m o i s t u r e  
c o n t e n t  o r  a d d i n g  s c a r f  j o i n t s  i n  t h e  f a t i g u e  t e s t s  w a s  much 
less a p p a r e n t  t h a n  w i t h  t h e  m o n o t o n i c  tests. The  U n i v e r s i t y  
recommends  t h a t  a s t a t i s t i c a l  e v a l u a t i o n  o f  t h e  T a s k  I1 r e s u l t s  
be u n d e r t a k e n  t o  d e t e r m i n e  w h a t  v a r i a b l e s ,  i f  a n y l  h a v e  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  on t h e  m e c h a n i c a l  p r o p e r t i e s  o r  
i f  a n y  a d d i t i o n a l  t e s t i n g  w o u l d  be i n  o rder .  
39 
R E F E R E N C E S  
1. M a r k w a r d t ,  L . J .  a n d  W.G. L o u n g q u i s t ,  " T e n s i o n  T e s t  M e t h o d s  
f o r  Wood, Wood-Base Materials a n d  S a n d w i c h  C o n s t r u c t i o n , "  
Fo res t  P r o d u c t s  L a b o r a t o r y  Report  N o .  2055, J u n e  1956. 
2. C h a m i s ,  C.C.  a n d  J . H .  S i n c l a i r ,  "Ten-Degree  O f f - A x i s  T e s t  
f o r  S h e a r  P r o p e r t i e s  i n  F i b e r  Composites," E x p e r i m e n t a l  
M e c h a n i c s ,  September 1977. 
- -- 
3.  B e r t e l s e n ,  W.D. , " F a t i g u e  S t r e n g t h  T e s t i n g  o f  Scarf 
J o i n t e d  D o u g l a s  F i r / E p o x y  L a m i n a t e s  C o n t a i n i n g  High  a n d  
Low L e v e l s  o f  M o i s t u r e , "  Gougeon B r o t h e r s  I n c . ,  Bay C i t y ,  
I M i c h i g a n ,  Report N o .  GB-12, May 1984. I 
40 
____- ___ 
2. Government Accession No. 1. Report No. 
NASA CR-174910 
4. Tltle and Subtitle 
Des ign  of T e s t  Spec imens  and P r o c e d u r e s  f o r  G e n e r a t i n g  
Material P r o p e r t i e s  of Doug las  F i r /Epoxy Laminated Wood 
C o m p o s i t e  Material; w i t h  t h e  G e n e r a t i o n  of B a s e l i n e  D a t a  
a t  Two E n v i r o n m e n t a l  C o n d i t i o n s  
7. Author(s) 
Pau 1 E .  Johnson 
Unclass i f ied  
9. Performlng Organizatlon Name and Address 
University of  Dayton Research I n s t i t u t e  ' ' 
300 College Park 
Dayton, OH 45469 
Unclassif ied 45 
12. Sponsoring Agency Name and Address 
U .  S .  Department of Energy 
Wind Energy Technology Divis ion 
Washington, DC 20545 
15. Supplementary Notes 
5. Report Dale 
JUNE 1985 
6. Performing Organization Code 
8. Performing Organization Report No 
UDR -TR - 8 5 -45 
10. Work Unil No 
~ 
11. Contract or Grant No. 
DEN 3-286 
13. Type of Report and Period Covered 
Contractor Report 
14. Sponsoring Agency && -Report No . 
DOE /NASA /0286 -1 
Final  Report. Prepared Under Interagency Agreement DE-Al01-79ET20320. Project _ _  manager, "ne F. TMtlK, 1 . l Z - A  P- ---. * Pra4ant- 
Cleveland, OH 44135 
nl,,U u L , G L 6 J  L V J L L L  G f f i t e ,  NASA L e w i s  Research Center, 
18. Abstract 
Douglas  F i r /Wes t  Sys tem Epoxy l a m i n a t e d  compos i t e  material  a program w a s  u n d e r t a k e n  
t o  d e f  i n c  p e r t i n e n t  material  p r o p e r t i e s  u t i l i z i n g  s m a l l  scale t e s t  spec imens .  Task  I 
w a s  t h e  Cievelopmcnt of s u i t a b l e  monotonic  t e n s i o n ,  c o m p r e s s i o n ,  s h o r t  beam s h e a r  and  
f u l l  r e v e r s e d  c y c l i c  spec imen d e s i g n s  and t h e  companion g r i p s  and t e s t i n g  p r o c e d u r e s .  
Task I1 w a s  t h e  g e n e r a t i o n  of t h e  m a t e r i a l  p r o p e r t i e s  a t  t w o  e n v i r o n m e n t a l  c o n d i t i o n s  
u t i l i z i n g  t h e  spec imens  and  p r o c e d u r e s  deve loped  i n  Task I .  
I n  s u p p o r t  o f  t h e  d e s i g n  of wind t u r b i n e  g e n e r a t o r  a i r f o i l s / b l a d e s  u t i l i z i n g  
The mono ton ic  s i iec imens  and p r o c e d u r e s  g e n e r a t e d  r e s u l t s  which compare f a v o r a b l y  
w i t h  o t h e r  i n v e s t i g a t o r s  w h i l e  t h e  c y c l i c  r e s u l t s  appear somewhat c o n s e r v a t i v e .  
Adding m o i s t u r e  and h e a t  or s c a r f  j o i n t s  d e g r a d e d  t h e  mono ton ic  p e r f o r m a n c e  b u t  
had a m o r e  n e b u l u s  e f f e c t  w i t h  c y c l i c  l o a d i n g .  
7. Key Words (Suggested by Author(s)) 118. Dlstrlbutlon Statement 
Douglas 
Compos i te ; Wind Turbine ; Materia 1 
Properties  
F i r ;  West System Epoxy, Wood 
I 
9. Security Ciasslf. (of this report) 120. Securlty Classif. (of thls page) 121. No. of pages 122. Price' 
'For sale bv the National Technical Information Service. SDrinalield. Viroinia 22161 
